Background: Operative management of lower back pain often necessitates anterior lumbar interbody fusion (ALIF) or transforaminal lumbar interbody fusion (TLIF). Specific pathoanatomic advantages and indications exist for both approaches, and few studies to date have characterized comparative early outcomes.
INTRODUCTION
In the Western world, the annual prevalence of lower back pain is estimated to be as high as 65% and lifetime prevalence as high as 84%. 1 Sufferers often experience both a decrease in quality of life and a reduced workforce availability, with profound economic consequences. In the United States (US) alone, the annual direct (health care) and indirect (loss of work productivity) costs of back pain amount to over $100 billion. 2 Lumbar spinal fusion is a viable option for patients with degenerative disc disease who fail aggressive nonsurgical management. Traditionally, surgical intervention with lumbar fusion is associated with improved acute and long-term outcomes compared with nonoperative treatment. 3 Two primary surgical approaches to lumbar fusion in degenerative disease are anterior lumbar interbody fusion (ALIF) and transforaminal lumbar interbody fusion (TLIF). Anterior and posterior lumbar fusions were first described in the 1950s for the treatment of degenerative lumbar disease. 4, 5 Transforaminal lumbar interbody fusion, a modification to the posterior fusion technique using circumferential fusion through a single posterolateral approach, was subsequently described in 1982. 6 A meta-analysis of 7 comparative studies demonstrated that TLIF has potential advantages over traditional posterior fusion, specifically in reducing postsurgical complications. 7 Several studies highlight small relative advantages for TLIF over ALIF, including decreased operative time and lower complication rates. 8, 9 However, comparative advantages between the anterior and posterior approaches lack a clear consensus. [10] [11] [12] This paper analyzes the differences in 30-day perioperative outcomes in patients who have undergone anterior versus posterior or transforaminal fusion. In using data from the prospectively collected American College of Surgeons (ACS) National Surgical Quality Improvement Project (NSQIP), 13 we aim to provide insight into the comparative advantages and disadvantages between ALIF and TLIF surgical cohorts using populationwide data. In the present analysis, we assess the clinical presentation of patients and characterize key perioperative risk factors for each surgical cohort across outcome measures of operative time, mortality, early complications, hospital length of stay (HLOS), discharge destination, and unplanned reoperations.
MATERIALS AND METHODS

Data Source
This retrospective analysis uses the ACS-NSQIP database created with the purpose of improving surgical outcomes and techniques.
14 The NSQIP database focuses on demographic and clinical characteristics along with 30-day postoperative variables. 15, 16 From medical and/or operative records, over 300 perioperative variables are cataloged and included, spanning a time period up to 30 days postoperation. 17 This analysis is exempt from institutional review board approval, as the ACS-NSQIP participant-use data files are in the public domain and contain no protected health information.
Study Population
This study analyzes the NSQIP database from the years 2011-2014 for all patients undergoing elective ALIF or TLIF. The ALIF and TLIF patients were identified using common procedural terminology (CPT) codes for single interspace procedures: 22558 (''Anterior Interbody Fusion, Lumbar'') references the ALIF CPT code for a single interspace, and 22630 (''Posterior Interbody Fusion, Lumbar'' [PLIF]) references CPT code for PLIF or TLIF for single interspaces. This grouping of posterior fusion techniques-PLIF and TLIF-has previously been used in literature to isolate differences between anterior and posterior fusion approaches. [18] [19] [20] [21] It is also understood that PLIF procedures are coded by the same CPT codes used for TLIF procedures as both use a posterior approach with posterior instrumentation. Initially, 4490 ALIF and 4194 TLIF subjects were identified. Patients who underwent either emergent or nonelective surgeries (ALIF: 165, TLIF: 256) were removed to yield a final sample size of 8263 (ALIF: 4325, TLIF: 3938). Multilevel procedures were coded with additional CPT codes for each interspace: 22585 (''Anterior Interbody Fusion, Lumbar-Additional Interspace'') and 22632 (''Posterior Interbody Fusion, Lumbar-Additional Interspace'').
Outcome Measures
Six outcome measures were included in the current analysis: operation time, mortality, early complications, total HLOS, hospital discharge destination, and reoperation rate. Operation time is defined as the total length of surgery in minutes. Hospital length of stay is defined as the number of days between admission and postsurgery discharge. Both reoperation and complication were classified as a binary variables. If the patient had a reoperation, he or she was given a ''yes''; otherwise, he or she was classified as a ''no.'' For complications, a ''yes'' value was given if a patient experienced a complication as recorded by 1 or more of the following variables: cardiac arrest, myocardial infarction, coma .24 hours, cerebrovascular accident/stroke with neurological deficit, peripheral nerve injury, wound/surgical site infection, urinary tract infection (UTI), renal insufficiency or failure, blood transfusion .1 unit, unplanned intubation, incidence of deep vein thrombosis/ thrombophlebitis, sepsis or septic shock, pneumonia, pulmonary embolism, and death. The merits and drawbacks of such an approach will be discussed in the limitation section.
Both HLOS and operation time were treated as continuous variables for univariate and multivariable analyses, and accordingly, linear regression was used. Hospital discharge destination was reclassified ALIF vs. TLIF: Risk Factors and Outcomes to either home or a facility of higher care (eg, rehabilitation center, skilled nursing facility, or acute care). Multivariable logistic regression was performed for reoperation, early complications, and discharge destination due to the categorical nature of the variables. Due to the confounding effects death may have on measures of HLOS and discharge destination, these analyses were performed on all patients not reported to have died within 30 days of operation (n ¼ 8245).
STATISTICAL METHODS
All statistical analyses were performed using Python, an open source programming language. We thank the makers of the SciPy and StatsModels (source of materials), as all statistics were computed using these packages. [22] [23] [24] Continuous and categorical variables were compared between surgical cohorts using analysis of variance or v 2 tests, respectively. Multivariable linear regression was performed for linear outcome variables (operation time, HLOS). Multivariable logistic regression was performed on categorical outcome variables (discharge destination, complications, reoperation). All multivariable models were adjusted for the following demographic characteristics: age, gender, race, comorbidities, body mass index (BMI), functional status, inpatient/outpatient status, American Society of Anesthesiologists (ASA) score, and levels of vertebral fusion. Conforming to standard cutoffs published by the US Census Bureau, age was treated as a binary variable with elderly classified as !65 years. 25 Body mass index (in kg/m 2 ) was stratified according to World Health Organization classifications: underweight (,18.5), nonobese (18.5-29.9 ), obese class I (30-34.9), obese class II/III (!35). Medical comorbidities were categorized using the Charlson Comorbidity Index (CCI), 26 which has been widely used in retrospective spine studies as an summative indicator of baseline health burden. [27] [28] [29] Hypertension and smoking, both associated with negative outcomes in a number of previous lumbar spine studies, 30, 31 were also analyzed independently. American Society of Anesthesiologists score was included as a validated indicator of physical morbidity in lumbar spine literature. 32, 33 Number of vertebral levels spanned was ascertained using CPT codes. Each patient thus had a number between 1 (single interspace) and 5 (five interspaces) indicating the number of spaces across which their fusion occurred. Table 2 .
In total, 5994 (72.5%) underwent single-level interbody fusion by either anterior or posterior approaches. This included 3059 (70.7%) of the ALIF cohort and 2935 (74.5%) of the TLIF cohort. Only 391 (4.7%) total subjects had surgeries with .2 levels fused. Notably, in the ALIF group, 14.5% of subjects had nonsegmental posterior instrumentation used.
Operation Time and Hospital Length of Stay (HLOS)
The average operation time was 204.12 6 110.51 minutes. On univariate analysis, ALIF showed significantly shorter operation times compared to TLIF cohort (ALIF: 198.36 6 1.80 minutes, TLIF: 210.45 6 1.60 minutes; P , .001; Table 3 ). This finding survived multivariable analysis with TLIF, showing a mean increase (B) of 11.80 minutes (95% CI [7.12, 16 .48]; P , .001; (Table 7) .
To further characterize differences observed in early complication rates, individual complications 
DISCUSSION
The present analysis uses the NSQIP database for patients undergoing elective lumbar fusion surgeries from years 2011-2014. We show that, in general, TLIF patients have a higher preoperative health burden. While controlling for a number of demographic and clinical factors, we demonstrate that patients undergoing elective ALIF were less likely to suffer prolonged operative time, postoperative UTIs, or require blood transfusions. However, ALIF patients were at increased risk of pneumonia and prolonged ventilatory support.
A primary consideration is how disc disease presents anatomically. In the healthy, young spine, 80% of the axial load is borne on the anterior portion of the vertebral body. Accordingly, ALIF provides surgeons with increased capacity to access and augment this load bearing portion of the spine with instrumentation. 34 Visualization of the anterior spinal column allows for efficient discectomy and vertebral body distraction with minimal neurological insult. A major consideration in the anterior approach is the navigation through the peritoneal and retroperitoneal space. Not surprisingly, ALIF subjects were generally healthier and presented with fewer prior comorbidities, eg, cardiac surgery, diabetes, hypertension, obesity, and coagulopathy. The risk, however small, for serious bleeding complications with ALIF is another serious consideration. Benefits of a posterior approach include minimizing risk of serious vascular injury present when mobilizing the inferior vena cava and abdominal aorta to access the spine and potential cost saving due to eliminating the need to bill for an anterior access general surgeon. Even so, anterior approaches have been associated with reduced blood loss and decreased operative time, 35, 10, 36 likely due to the lack of needing to dissect the paraspinous musculature required by posterior and posterolateral approaches. Increased operation time is known to associate with increased risk of infection, blood loss, and postoperative respiratory complications. Thus, operative time must be minimized in patients with significant health burden. As such, after clinical presentation and patient pathology are taken into account, decreased operative time associated with ALIF procedures may be another factor that can inform surgical decision making. Significant difference in demographic characteristics between our 2 cohorts suggests the TLIF cohort has more advanced pathology. Difficult anterior access due to morbid obesity or body habitus may be 1 factor that skews ALIF demographic characteristics towards healthier individuals.
No difference was seen in discharge destination between ALIF and TLIF cohorts. Both surgeries also performed comparably on rates of most postoperative complications. Anterior lumbar interbody fusion subjects were more likely to require ventilatory assistance and/or develop pneumonia. This may be due to postoperative atelectasis related to the anterior approach. Urinary tract infections (1-2%) and the need for blood transfusions (10-11%) were the 2 most common complications following both surgeries and at higher likelihood following TLIF-important considerations for the dependent or coagulopathic patient. Notably, the number of vertebral levels fused was a significant predictor of all outcomes. This finding, while intuitive, highlights the importance of instrumentation and pathology in outcome prediction.
Reported costs per procedure found that, across a 10-year sample of over 900 000 lumbar interbody fusions, ALIF procedures cost on average over $10 000 more. 37 This increased cost can be accounted for in a highly specialized surgical team responsible for anterior approach surgeries and the cost of spinal implants. A previous meta-analysis has shown ALIF to be associated with increased HLOS when compared to TLIF. 38 This was thought to be due to increased rates of postoperative complications such as ileus. 39 Although our dataset did not specifically account for ileus, the lack of a significant difference between HLOS in ALIF and TLIF cohorts suggests similar rates of discharge preventing complications. This is reflected in the increasing trend of surgeons to choose posterior/ posterolateral fusion techniques. 37 In contrast, spine surgeons with fellowship training were 4 times as likely to choose ALIF over TLIF. 19 The findings outlined in our paper are corroborated by a small study of 21 individuals in which ALIF surgeries significantly decreased operative time compared to TLIF. 40 The current literature, however, has no clear consensus on outcomes when comparing anterior and posterior lumbar interbody fusion. Phan et al 38 describe a metaanalysis using weighted means to compare ALIF and TLIF. They found ALIF was associated with longer hospitalizations, lower dural injuries, and higher blood vessel injuries. 38 A recent metaanalysis comparing PLIF, ALIF, and TLIF between 30 studies found similar fusion rates and similar complication rates between the various methods for lumbar fusion. 41 A retrospective study using the NSQIP database comparing single-level ALIF to single-level TLIF in a propensity matched cohort found no difference on any 30-day perioperative outcomes. 42 In contrast to the results outlined in our study, Jiang et al 43 found ALIF to be associated with increased operative time and blood loss than TLIF. In contrast, a meta-analysis of 651 patients found ALIF is associated with comparable or superior performance for operative time, blood loss, and fusion rates. 36 The current paper offers a more detailed look at what specific complications are impacted by surgical approach while also having the largest sample size for determining differences in operative time, HLOS, and other perioperative outcomes.
Limitations
Retrospective database studies have inherent limitations. Discrepancies between data collection and entry are of primary concern. The NSQIP implementation of standardized data collector training and ongoing edits of data reliability have decreased errors to less than 1%. 44, 45 Also, CPT codes, International Classification of Diseases, Ninth Revision, diagnoses are still broad and often do not capture the full scope of clinical presentation. More specifically, the potential grouping of PLIF and TLIF procedures in our TLIF group offers another potential confounder to our data. Also, grouping of TLIF and minimally invasive TLIF procedures could impact outcome measures of HLOS and blood loss. 46 Much specificity is lost by such broad groupings. Accordingly, conclusions between posterior and anterior approaches can be drawn, but specific conclusions between ALIF and TLIF should be tempered. The rates of posterior instrumentation in the ALIF group is another potential confounder. It stands to reason that this could make outcomes worse in the ALIF group because of increased operative time and chance for complications. Physician training, surgical cost, and regional differences may be important confounders requiring further study. Individual complications are disparate and may have different impacts on patient outcomes. A lack of data granularity, specifically the inability to account for different pathology and patient presentation, remains a shortcoming of retrospective studies. As described above, ALIF patients are more likely to present with stenosis as compared to TLIF patients who primarily present with degenerative disc disease. Due to the retrospective nature of this study, it is not possible to determine to what degree this difference in pathology impacted outcomes stud- Abbreviations: TLIF/PLIF, transforaminal lumbar interbody fusion/posterior lumbar interbody fusion; ALIF, anterior lumbar interbody fusion; Sig., Significance. *All values that are significant to P.
ied. While important, we hope that this is at least partially compensated through the large sample size afforded by the retrospective dataset.
CONCLUSIONS
In summary, both ALIF and TLIF were relatively safe, and both performed comparably on measures of mortality and most postsurgical complications. Patients undergoing elective single-level TLIF are generally older and present with increased comorbidities compared to single-level ALIF. Anterior lumbar interbody fusion is associated with decreased operative time, decreased incidence of UTI and blood transfusions, and increased incidence of respiratory complications. Hence, ALIF and TLIF may be of benefit to specific surgical subpopulations based on comorbidities and pathology.
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